The epidermis, the outer layer of the skin composed of keratinocytes, is a stratified epithelium that functions as a barrier to protect the organism from dehydration and external insults. The epidermis develops depending on the transcription factor p63, a member of the p53 family of transcription factors. p63 is strongly expressed in the innermost basal layer where epithelial cells with high clonogenic and proliferative capacity reside. Deletion of p63 in mice results in a dramatic loss of all keratinocytes and loss of stratified epithelia, probably due to a premature proliferative rundown of the stem and transient amplifying cells. Here we report that microRNA (miR)-203 is induced in vitro in primary keratinocytes in parallel with differentiation. We found that miR-203 specifically targets human and mouse p63 3 0 -UTRs and not SOCS-3, despite bioinformatics alignment between miR-203 and SOCS-3 3 0 -UTR. We also show that miR-203 overexpression in proliferating keratinocytes is not sufficient to induce full epidermal differentiation in vitro. In addition, we demonstrate that miR-203 is downregulated during the epithelial commitment of embryonic stem cells, and that overexpression of miR-203 in rapidly proliferating human primary keratinocytes significantly reduces their clonogenic capacity. The results suggest that miR-203, by regulating the DNp63 expression level, is a key molecule controlling the p63-dependent proliferative potential of epithelial precursor cells both during keratinocyte differentiation and in epithelial development. In addition, we have shown that miR-203 can regulate DNp63 levels upon genotoxic damage in head and neck squamous cell carcinoma cells, thus controlling cell survival.
The epidermis, the outer layer of the skin composed of keratinocytes, is a stratified epithelium that functions as a barrier to protect the organism from dehydration and external insults. The epidermis develops depending on the transcription factor p63, a member of the p53 family of transcription factors. p63 is strongly expressed in the innermost basal layer where epithelial cells with high clonogenic and proliferative capacity reside. Deletion of p63 in mice results in a dramatic loss of all keratinocytes and loss of stratified epithelia, probably due to a premature proliferative rundown of the stem and transient amplifying cells. Here we report that microRNA (miR)-203 is induced in vitro in primary keratinocytes in parallel with differentiation. We found that miR-203 specifically targets human and mouse p63 3 0 -UTRs and not SOCS-3, despite bioinformatics alignment between miR-203 and SOCS-3 3 0 -UTR. We also show that miR-203 overexpression in proliferating keratinocytes is not sufficient to induce full epidermal differentiation in vitro. In addition, we demonstrate that miR-203 is downregulated during the epithelial commitment of embryonic stem cells, and that overexpression of miR-203 in rapidly proliferating human primary keratinocytes significantly reduces their clonogenic capacity. The results suggest that miR-203, by regulating the DNp63 expression level, is a key molecule controlling the p63-dependent proliferative potential of epithelial precursor cells both during keratinocyte differentiation and in epithelial development. In addition, we have shown that miR-203 can regulate DNp63 levels upon genotoxic damage in head and neck squamous cell carcinoma cells, thus controlling cell survival. The epidermis is continuously regenerated by mitotically active keratinocytes in the inner basal layer which, following detachment from the basement membrane, migrates to the outer cornified layer (terminally differentiated compartment): a process called cornification. 1 The epidermis is continuously renewed by a regulated balance between proliferation and differentiation. The renewal capacity is due to the presence of epidermal stem cells and transient amplifying (TA) cells in the basal layer of the interfollicular epidermis and in the bulge (at least in mouse) of the hair follicle. 2 The importance of the transcription factor p63 for the formation of the epidermis and other stratified epithelia arises from two lines of evidence. First, p63 is strongly expressed in the innermost basal layer where epithelial cells with high clonogenic and proliferative capacity reside. 3 Second, mice lacking all p63 isoforms have no epidermis [4] [5] [6] or squamous epithelia (prostate, urothelium), probably due to a premature proliferative rundown of the stem and TA cells. Mice knockout for p63 (p63
) also show lack of epithelial appendages, such as mammary, salivary and lachrymal glands, hair follicles, teeth, and have truncated limbs and abnormal craniofacial development. This is most likely due to failure to maintain or differentiate the apical ectodermal ridge, a structure that is important for coordination of epithelial-mesenchymal interactions, 4, 5 and is required for limb outgrowth and palatal and facial structure formation.
MicroRNAs (miRs) are 19-22-nt non-coding RNAs that can suppress the expression of protein-coding genes by targeting the 3
0 -UTR region of mRNAs for translational repression, degradation or both. 7, 8 miRs are generated by sequential processing of long RNA polymerase II transcripts by two key RNase III proteins, Drosha and Dicer. 9 By associating with the 3 0 -UTR region of target mRNAs, miRs have important regulatory roles in diverse cellular pathways including: development, differentiation, organogenesis, stem cells and germ line proliferation, growth control and apoptosis. [10] [11] [12] [13] [14] Indeed, mutations in Dicer, which globally disrupts miR processing, cause a range of developmental defects. 15 Loss of function of mouse Dicer results in early embryonic lethality, and inducible deletion of Dicer in mouse embryonic stem (ES) cells causes defects in their proliferation, suggesting that, among other functions, Dicer may be essential for expansion of stem cells in gastrulating embryos. 16, 17 When miRs are ablated in skin epithelium by conditionally targeting Dicer1, barrier function of the epithelium is compromised and hairs fail to invaginate, 18, 19 indicating the functional importance of these small RNAs in skin development. miRs expressed in the developing mouse skin and hair follicles have been identified using microarray approaches. 18, 19 Many skin miRs can be classified in families on the basis of their 5 0 seed sequences, but others cannot, and represent orphan sequences. In particular, the miR-200 family (containing miR-200a, miR200b, miR-200c, miR-141 and miR-149) and the miR-19/20 family (containing miR-19b, miR-20, miR-17-5p, miR-93) are preferentially expressed in the epidermis, whereas the miR-199 family (containing miR-199a and miR-199b) is exclusively expressed in hair follicles. 18 Among the orphan miRs, miR-203 was identified to be highly and specifically expressed in the epidermis. miR-203 is also upregulated in psoriatic plaques, 20 suggesting that miR dysregulation could be involved in epidermal pathogenesis.
In the present study, we explored the functional significance of miR-203 in primary keratinocyte differentiation and in the proliferative potential of human epidermal cells. In addition, we also investigated the role of miR-203 in regulating the DNp63a protein level following genotoxic stress in squamous cell carcinoma cells.
Results and Discussion
miR-203 and DNp63 are inversely expressed in keratinocytes. To investigate the role of miR-203 during keratinocyte differentiation, we evaluated miR-203 expression by northern blot in primary human and mouse keratinocytes. As shown in Figure 1a and b, miR-203 was rapidly upregulated (about 12-fold in mouse keratinocytes upon 24 h calcium treatment) when cells where induced by calcium to differentiate in vitro. Concurrently, with miR-203 upregulation, we observed DNp63 downregulation in differentiating cells (Figure 1a and b) . Keratinocyte differentiation was confirmed by western blot staining of involucrin or K10. Although differentiation in mouse and human keratinocytes follows different kinetics, as shown in the figure, the inverse relationship between miR-203 and DNp63 expression remains valid for cells of both species. This observation suggested that miR-203 may directly repress suprabasal DNp63 and restrict cell proliferation in differentiating keratinocytes. Indeed, bioinformatics suggest that miRs and their targets are usually mutually exclusive in tissues.
First, we investigated the regulation of SOCS-3, a putative molecular target of miR-203 20 (Supplementary Figure S1 ), during keratinocyte differentiation. As shown in Figure 1c (lanes 7-9), SOCS-3 protein expression showed a significant, consistent increase during in vitro-induced differentiation in primary mouse keratinocytes in parallel with miR-203, suggesting that SOCS-3 3 0 -UTR is not a miR-203 target site, in contrast with the bioinformatics data (Supplementary Figure S1) , showing in silico alignment between SOCS-3 3 0 -UTR and miR-203. To further evaluate directly if SOCS-3 is indeed a genuine target of miR-203, we exogenously expressed miR-203 in mouse keratinocytes by infection with adenovirus containing miR-203. Figure 1c (lanes 4-6) shows a slight upregulation of SOCS-3 as compared with keratinocytes infected with adenovirus containing scrambled sequence (lanes 1-3) . These data indicate that SOSC-3 is not repressed by miR-203; conversely its upregulation is presumably independent of miR-203.
A predicted miR-203 target site in human p63 3 0 -UTR was identified by TargetScan 4.1 software (see Materials and Methods). More specifically, within the 3 0 -UTR of DNp63 mRNA, a heptamer matches perfectly with the miR-203 sequence (Figure 2a and b) . The miR-203 recognition sequence is conserved and is present in the p63 3 0 -UTR of human, mouse, rat, dog and chicken (Figure 2a ), suggesting that this mechanism for regulating p63 by miR-203 is common at least in these five species. An additional heptameric sequence that matches the miR-203 binding site was also found in the human p63 3 0 -UTR although this sequence is not conserved in other vertebrates, and we have not pursued it further here. When the entire 2772-bp p63 3 0 -UTR was introduced into the 3 0 -UTR of a luciferase reporter gene, miR-203 caused 45% reduction in activity, using both human and mouse miR-203 sequences. Deletion of the DNp63 3 0 -UTR heptamer abolished miR-203-mediated repression under the same conditions (Figure 2c ). Mouse keratinocytes infected with adenovirus containing miR-203 also showed decreased DNp63 mRNA as compared with keratinocytes infected with adenovirus containing a scrambled sequence ( Figure 2d ). As control, Figure 2d also shows p63 mRNA levels in keratinocytes induced to differentiate by calcium treatment. p63 protein expression was also markedly diminished in mouse keratinocytes infected with adenovirus containing miR-203 ( Figure 2e , lanes 3-4) compared with mouse keratinocytes infected with adenovirus containing a scrambled sequence (lanes 1-2). Together, these results indicate that effect of miR-203 on p63 is direct and is mediated by a specific 3 0 -UTR target site. miR-203 is not sufficient per se to trigger full expression of differentiating epithelial markers. To further test the hypothesis that miR-203 functions in the switch between proliferative and terminally differentiating keratinocytes, we overexpressed miR-203 in proliferating primary mouse keratinocytes. We found that miR-203, in contrast to calcium treatment, is not sufficient by itself to induce epidermal differentiation in vitro, as evaluated by western blot for involucrin expression (Figure 3a) and by real-time PCR of early (involucrin) and late (transglutaminase (TG)5, TG1) differentiation markers (Figure 3b ). One and 2 days after infection of miR-203 into proliferating (low calcium) cultured mouse keratinocytes, epidermal differentiation markers were not induced as judged by expression of involucrin, TG1 and TG5 mRNAs (see scramble and miR-203-infected cells, Figure 3b ). In contrast, 1 and 2 days after calcium-induced differentiation, all three differentiation markers were strongly induced.
Therefore, increased expression of miR-203 cannot be the only mechanism by which DNp63 protein levels are decreased during epidermal differentiation. Indeed, we have previously shown that the ubiquitin E3 ligase, Itch, contributes to the reduction in DNp63 protein levels. 21 However, this posttranslational regulation of DNp63 does not necessarily exclude a physiological role for miR-203, and potentially other miRs, in the regulation of DNp63. Nonetheless, our results confirm the role of DNp63 at the interface between the proliferative epithelial progenitor cells and the differentiation pathway 3, [22] [23] [24] [25] and identify miR-203 as the molecular switch contributing to the downregulation of DNp63. Epidermal stem cells display a higher proliferating potential than progenitor cells as detected in a clonogenicity assay. 26 It has recently been demonstrated that inhibition of DNp63 drastically decreased the high proliferation rate of holoclones. 3, 25 We thus compared the proliferating capacity of human primary keratinocytes transfected with pre-miR-203 with antago-miR-203 or with a scrambled sequence in a colony-formation assay. As expected, pre-miR-transfected cells showed reduced cell growth when compared to cells transfected with scrambled oligonucleotides. In contrast, overexpression of antagomiR-203 resulted in an increase in cell growth ( Figure 4 ). The number of rapidly proliferating colonies significantly decreased from 1.7% in control to 0.7% with miR-203 and increased to 2.9% when an antago-miR was transfected Figure 1 Expression of miR-203 during keratinocyte differentiation. (a) Primary mouse keratinocytes were isolated as described in Materials and Methods and plated on dishes. Before they reached confluence, cells were induced to differentiate by adding 1.2 mM CaCl 2 to the culture medium. Cells were collected at the indicated time points to perform northern blot and western blot analysis. Hybridization to detect U2snRNA was used as a loading control. miR-203 expression was normalized to U2snRNA by densitometry and results are reported as fold change over zero time. Results obtained from the densitometry are shown as mean ± S.D. from three independent experiments. Differentiation was evaluated by western blot for involucrin. DNp63 protein downregulation during differentiation is also shown; actin is used as loading control. The histograms show the quantitative laser densitometry of miR-203 (fold over control; black bars) and p63 expression (% of reduction; white bars) as mean±S.D. from three independent experiments. (b) Human epidermal keratinocytes (HEKs) were cultured in KBM medium with KGM-2 growth supplements. Cells were induced to differentiate by adding 1.2 mM CaCl 2 to the culture medium. Cells were collected at the indicated time points to perform northern blot and western blot analysis. Hybridization to detect U2snRNA was used as a loading control. MiR-203 expression was normalized to U2snRNA by densitometry, and results are reported as fold change over zero time. Differentiation was evaluated by western blot for K10. DNp63 protein downregulation during differentiation is also shown; actin is used as loading control. The histograms show the quantitative laser densitometry of miR-203 (fold over control; black bars) and p63 expression (% of reduction; white bars) as mean±S.D. from three independent experiments. (c) Primary mouse keratinocytes, before reaching confluence, were infected with adenovirus expressing murine pre-miR-203 or a scrambled sequence as negative control and maintained in culture for 2 days (lanes 1-6). As a positive control, cells infected with scrambled sequence were induced to differentiate by adding 1.2 mM CaCl 2 to the culture medium for 1 and 2 days (lanes 7-9). Cells were collected at the indicated time points to perform western blot analysis for SOCS-3, a putative miR-203 target (see Supplementary Figure  S1 ). A representative result of three independent experiments is shown. The histogram shows the quantitative laser densitometry of SOCS-3 protein (fold over control) normalized over actin expression, as mean ± S.D. from three independent experiments Figure 5a and b). Soon after BMP-4 treatment, the DNp63 gene is activated and remains strongly expressed until the cells undergo terminal epidermal differentiation. 28 Using these experimental conditions, and concomitant with DNp63 mRNA upregulation, we observed that miR-203 expression is downregulated (Figure 5c ). This further supports the direct link between p63 and miR-203 and suggests that miR-203 may be absent or only expressed at low levels in multipotent proliferating cells to allow p63-dependent epidermal commitment, whereas its expression increases as the multipotent epidermal cells exit the proliferating basal layer and terminally differentiate.
miR-203 induces cell cycle arrest and apoptosis in JHU-012 cells upon UVC irradiation. Besides the epidermis and other stratified squamous epithelia, DNp63 is commonly overexpressed in up to 80% of primary head and neck squamous cell carcinomas (HNSCCs). 29 This is in part due to the fact that squamous cell carcinomas often exhibit genomic amplification of 3q, and p63 is located on chromosome 3q27-28. 30, 31 HNSCCs are derived from cells within the basal epithelia and mucosa and are usually resistant to therapy. 24 Recently, it has been shown that DNp63a is also overexpressed in HNSCC cell lines (including JHU-012) and in these cells, it acts as a crucial survival factor by suppressing p73-dependent apoptosis. 29, [32] [33] [34] Knockdown of DNp63 induces the proapoptotic bcl-2-family members Puma and Noxa, and both their induction and cell death are p53-independent, but require transactivating isoforms of p73. The inhibition of p73-dependent transcription by DNp63a involves both direct promoter binding and physical sequestration of p73 by protein-protein interaction. (Figure 7a ). In addition, we observed a significant increase of cell death (from 5 to 17%, Figure 7b ), an increased number of cells in G1 and a reduction in the proportion of cells in G2 (Figure 7c ). These data indicate that the miR-203/DNp63 pathway is not solely related to normal keratinocytes, but it is retained in their tumor compartment, potentially opening novel ways for therapeutic intervention. Moreover, even though the reduction in proliferation is retained, it is of modest entity, possibly due to the simultaneous induction of cell death. Finally, the upstream Concluding remarks. Together, the data presented here indicate that miR-203, by targeting DNp63 mRNA, acts as a switch between keratinocyte proliferation and differentiation in adult epidermis. Therefore, miR-203 is a key molecule controlling the passage of keratinocytes from the proliferative basal compartment to the differentiated suprabasal layers. In addition, the discovery that miR-203 levels are low during embryonic epidermal commitment suggests that miR-203 may have an important role during development by controlling the 'stemness' of cells. While this manuscript was being submitted, the group of Elaine Fuchs also reported the ability of miR-203 to promote epithelial differentiation by repressing 'stemness'. 36 The results presented in our paper are entirely in agreement with those reported by Fuchs. 36 Both papers, while not excluding the contribution of additional miRs or other factors, indicate that miR-203 is a molecular switch at the boundary between proliferative basal progenitors and terminally differentiated suprabasal cells.
In addition, we found that miR-203 may also have a role in cancer. Indeed, miR-203 is upregulated upon UVC irradiation in the squamous cell carcinoma cells. Here, the data are compatible with the hypothesis that miR-203 could regulate p63mRNA and protein levels upon genotoxic damage in HNSCCs. This observation is important as recent evidence 29, 35 demonstrates that, in addition to p53, both p63 (DNp63) and p73 are crucial mediators of cell death following chemotherapy in HNSCC. DNp63 is drastically downregulated following DNA damage, and DNp63 protein levels correlate with the patients response to cisplatin-based treatment. 37 Therefore, our data indicate a possible new connection between miR-203 and activation of the apoptotic program in HNSCC.
Materials and Methods Constructs. Human p63 3 0 -UTR was amplified by PCR from the first nucleotide after the stop codon to the last nucleotide before the polyadenylation signal from human genomic DNA using the following primers: p63UTR-SpeIF Cell culture and transfection. HEK 293E cells were grown in DMEM High glucose, 10% FBS, 100 U penicillin, 100 mg streptomycin (GIBCO, Invitrogen, Carlsbad, CA, USA). HEK 293E cells were transfected by Lipofectamine 2000 according to the manufacturer's protocols (Invitrogen). JHU012 cells were grown in RPMI, 10% FBS, 100 U penicillin and 100 mg streptomycin (GIBCO, Invitrogen).
Primary mouse keratinocytes were isolated according to Yuspa et al. 38 from CD1 strain newborn skin. The skin was floated overnight on trypsin/EDTA at 41C. Trypsinization allows separation of dermis from epidermis. Primary keratinocytes were isolated from the latter and plated on collagen-coated dishes in medium supplemented with 0.05 mM CaCl 2 . Cells were induced to differentiate by adding 1.2 mM CaCl 2 to the culture medium. Mouse primary keratinocytes were transfected with murine pre-mir 203, anti-mir 203 and Cy3-labeled negative control (Ambion) using the SiPORT neoFX transfection agent (Ambion) according to the manufacturer's protocols. Sixteen hours after transfection, the medium was removed, and calcium-induced differentiation was started by adding 1.2 mM CaCl 2 to the culture medium. Normal Human Epidermal Keratinocytes (NHEK; Lonza, Basel, Switzerland) were cultured in KBM medium with KGM-2 growth supplements (Lonza).
Infection. Mouse primary keratinocytes were infected at MOI 50, for 1 h at 371C in EMEM supplemented with 2% FBS. JHU012 cells were infected at MOI 50, for 1 h at 371C in DMEM supplemented with 0.2% FBS.
Luc assay. A total of 2 Â 10e 5 HEK 293E cells were seeded in 12-well dishes 24 h before transfection. Hundred nanograms of pGL3 vectors, 2 mg of pSilencer 4.1-CMV puro vectors and 10 ng of Renilla luciferase pRL-CMV vector were cotransfected using Lipofectamine 2000. Luciferase activities of cellular extracts were measured 24 h after transfection, by using a Dual Luciferase Reporter Assay System (Promega); light emission was measured over 10 s using an OPTOCOMP I luminometer. Efficiency of transfection was normalized using Renilla luciferase activity.
Western blotting. Total cell extracts were resolved on an SDS-10% polyacrylamide gel and blotted onto a Hybond P PVDF membrane (G&E Healthcare, UK). Membranes were blocked with PBST 5% non-fat dry milk, incubated with primary antibodies for 2 h at room temperature, washed and hybridized for 1 h at room temperature using the appropriate horseradish peroxidase-conjugated secondary antibody (rabbit and mouse; BioRad, Hercules, CA, USA). Detection was performed with the ECL chemiluminescence kit (Perkin Elmer, Waltham, MA, USA). The antibodies used were anti-p63 (Ab4; Neomarkers, Fremont, CA, USA; 1/500 dilution), polyclonal anti-involucrin (Covance, Princeton, NJ, USA; 1/1000 dilution), anti-b-actin (Sigma, St. Louis, MI, USA; 1/5000 dilution), anti-PARP1 (Cell Signalling, Danvers, MA, USA; 1/500 dilution), anti-cJun (BD, Franklin Lakes, NJ, USA; 1/1000 dilution), anti-SOCS3 (Alexis, Lausen, Switzerland; 1/300 dilution).
RNA extraction and northern blot analysis. RNA was extracted with the mirVana miRNA isolation kit using the microRNA enrichment protocol (Ambion) and quantified by spectrophotometric analysis.
A total of 1.5 mg RNA was resolved on a Ready Gel TBE-Urea 15% acrylamide:bisacrylamide (19 : 1; Biorad) in 1 Â TBE buffer. Gels were stained briefly with ethidium bromide, and RNA was transferred by electroblotting onto a GeneScreen Plus membrane (Perkin Elmer Life Sciences) for 2 h at 20 V in 0.5 Â TBE. The membrane was UV crosslinked (Stratalinker; Stratagene). Prehybridization was performed for 1 h at 421C in ULTRAhyb-Oligo hybridization buffer (Ambion), and the membrane was hybridized overnight at 421C in the same buffer with the labeled probe. Antisense RNA probes were 3 0 -end-labeled with 32 P-gATP by T4 polynucleotide kinase, and miR203 antisense probe sequence CTAGTGGT CCTAAACATTTCAC and U2snRNA antisense probe sequence GGGTGCACCG TTCCTGGAGGTAC were used. The membranes were washed thrice for 30 min in 0.5% SDS, 2 Â SSC and exposed on an Imaging Screen-K (Biorad) at room temperature. Image scanning and analysis was performed on a Personal Molecular Imager using the QuantityOne software (Biorad).
Quantitative real-time one-step RT-PCR. Murine ES cell growth and differentiation were carried as described in detail previously. 27 RNA extractions of the indicated differentiation days were obtained using Trizol (Invitrogen). The determination of the relative expression levels of mRNA transcripts was obtained by one-step real-time RT-PCR. Each reaction contained 12.5 ml SYBR-Green PCR Master Mix (Applied Biosystems), 0.125 ml MultiScribe Reverse Transcriptase (Applied Biosystems), 100 ng RNA and the appropriate specific primers (0.5 mM, sequences available upon request) and was adjusted to 25 ml reaction volume. Amplification and fluorescence detection according to the manufacturer's instructions was performed using the ABI PRISM 7700 Sequence Detection System (Applied Biosystems, France). The relative expression levels of micro-RNA 203 were measured by a two-step TaqMan assay according to the manufacturer's instructions. Briefly, RNA extractions were the templates for reverse transcriptase PCR of miR-203 or the internal control Sno202 (Applied Biosystems) using the TaqMan micro-RNA reverse transcription kit (Applied Biosystems). Next, TaqMan real-time PCR was prepared by using TaqMan universal master mix (Applied Biosystems) and specific primers for miR-203 or Sno202. The relative amounts of each RNA or miR product to its internal control (36B4 for mRNAs and Sno202 for miRs; DC T ¼ C Tx ÀC T36B4/Sno202 ) were used for calculating the fold change at each ; DDC Tday a ¼ DC Tday a ÀDC Tday 1 ). RNA was extracted from mouse keratinocytes by using the RNAeasy kit (Qiagen, Milan, Italy). A total of 500 ng of RNA was used for reverse transcription using the InPromII kit (Promega) and one-tenth of the reaction was used for PCR. Real-time PCR was performed by using the Platinum SYBR Green qPCR SuperMix UDG with Rox (Invitrogen Life Technologies), with an amplification program as follows: one cycle of 951 for 3 min and 40 cycles of 941 for 20 sec and 591 for 40 sec. The reaction was followed by a melting curve protocol according to the specification of the ABI 7500 instrument (Applied Biosystems). Primers used were as follows: mTG1F 5 Clonogenicity assay. HEKs were cultured on confluent feeder layers of lethally irradiated mouse J2-3T3 fibroblasts in keratinocyte medium (60% DMEM (Invitrogen), 30% Ham F12 (Invitrogen), 10% FetalcloneII (Hyclone), 5 mg/ml insulin (Sigma), 0.5 mg/ml hydrocortisone (Sigma), 0.2 nM Adenine (Sigma), 10 nM cholera toxin (Sigma) and 10 ng/ml EGF (Invitrogen). For clonogenicity assay, 1.5 Â 10 5 HEK cells were cultured in six-well plates in keratinocyte-defined medium containing keratinocyte-SFM medium (Invitrogen), 30 mg/ml bovine pituitary extract (Invitrogen) and 10 ng/ml EGF (Invitrogen). On the next day, transfections of pre-miR203 or antago-miR-203 oligo-nucleotides (20-60 nM) were performed using Lipofectamine RNAiMAX (Invitrogen). After 48 h, cells were trypsinized and 100-500 cells were cultured on J2-3T3-coated 24-well plates in EGF-free medium A (to allow cell adherence) for 2 days. Complete keratinocyte medium that includes EGF was added at day 3 for an additional 12 days and colonies were visualized by Rhodamine staining followed by extensive washing.
Bioinformatics. mir203 target sites on p63 3 0 -UTR 39 were predicted by TargetScan 4.1 software available at http://www.targetscan.org/.
